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Outline

• Sources of structures – ligands and macromolecules 

• Macromolecular structure for function

• PDB database and files 

• Methods how to get structure – XRAY, NMR, EM, MS, AF

• No structure case - Disorder

• Aggregated view PDBe-KB
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Drug design related structural databases

• Ligands (small molecules)

– drugbank.ca – comprehensive drug&target info

– ebi.ac.uk/chembl - bioactive molecules

– pubchem.ncbi.nlm.nih.gov – free chemical info 

– zinc.docking.org – commercially available compounds for VS 

• Targets (proteins/nucleic acids)

– ebi.ac.uk/pdbe or www.rcsb.org – macromolecular structures

https://www.drugbank.ca/
https://www.ebi.ac.uk/chembl/
https://pubchem.ncbi.nlm.nih.gov/
http://zinc.docking.org/
https://www.ebi.ac.uk/pdbe/
http://www.rcsb.org/


MACROMOLECULAR STRUCTURE



Hayer-Hartl et al., 2015

imatinib + Abl kinase 
PDBID: 2HYY

Knowing structure helps to understand the function

Soung-Hun Roh et al. Cryo-EM and MD 

infer water-mediated proton transport and 

autoinhibition mechanisms of Vo

complex. Sci.Adv. 6 ,eabb9605 (2020). 

DOI:10.1126/sciadv.abb9605

https://doi.org/10.1126/sciadv.abb9605


Structure applications for function

Thornton, J., Todd, A., Milburn, D. et al. From structure to function: Approaches and limitations. Nat Struct Mol Biol 7 (Suppl 11), 
991–994 (2000). https://doi.org/10.1038/80784



Rozdíl mezi počtem experimentálních struktur a sekvencemi se v čase zvětšuje.
Zjišťování struktur se nezlevňuje tak moc jako sekvenace.

https://epochai.org/blog/biological-sequence-models-in-the-context-of-the-ai-
directives

PDB
protein structures

UniprotKB
protein sequences

MGNify
metagenomics 

9,605

13,786

Gathering of structures is expensive…

https://epochai.org/blog/biological-sequence-models-in-the-context-of-the-ai-directives
https://epochai.org/blog/biological-sequence-models-in-the-context-of-the-ai-directives


PDB
Database of protein structures



wwPDB



wwPDB



PDB code

https://www.wwpdb.org/documentation/new-format-for-pdb-ids

https://www.wwpdb.org/documentation/new-format-for-pdb-ids


PDB file



mmCIF



HOW TO GET STRUCTURE OF MACROMOLECULES



Methods

• RTG
– xyz coordinates 

– inner electron shells

– crystalization, atomic 
resolution, 

– interpretation of 
intermolecular interactions

• EM
– electron shell

– low resolution

– large complexes

• NMR
– torsion angles and distances

– dynamical information 
available

– MD model 

• MS
– distances

– molecular weights 

– solvent accesibility

• Modelling 
– AlphaFold
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XRAY CRYSTALLOGRAPHY
https://www.wwpdb.org/

1. protein 

crystals

2. diffraction 

experiment
3. map of electron density

4. model fit 

https://www.wwpdb.org/


X-ray Diffraction

Rosalind Franklin & Raymond Gosling

Nature 171 (1953)

17



Resolution (R) 
• in Å, 

• Distance for distinguishing of two points. Details should be 
distinguishable at 0.7∙R.

• better R – easier model building!

• (more refflections – better signal-to-noise ratio)

3.5 Å map of photosystem II

2.3 Å map of photosynthetic reaction centre

0.95 Å map of elastase
18



Viewing electron density in Mol*



Validation

• Rfree (Brünger, 1992) 
– test set (~5-10%) of reflection left out from 

fit for testing 

• Stereochemistry
Ramachandran diagram

– WHATIF
– MOLPROBITY

• Bad contacts 
– stérické problémy ve struktuře

20



Crystal Contacts
• Protein crystals contain a lot of 

solvent

• Molecular contacts within crystal do 

not have usually (well not always) 
effect on protein structure

Packing of glycolate

oxidase (schematically)
21

PDBID:1po5



NMR
https://bmrb.io/

https://bmrb.io/


Structure Quality NMR

• NMR experiment

=> Multiple structures – e.g. 10 conformers

• Quality check wwPDB:

– Stereochemistry – Ramachandran

– Clashscore

– Sidechain outliers

23



What we can get from NMR experiment

• Raw
– Time-domain: 1D,2D,3D,4D spektrum

• Processed (FT)
– frekvency domain

• NMR parametry
– peak list
– chemical shifts
– 1H-1H NOE
– J-couplings
– residual dipolar couplings
– NMR relaxation rates

• Derived data
– NMR peak assignments
– % expected in observed data
– covalent structure
– bond hybridizations

• Derived data
– secondary structure
– interatomic distances
– torsion angles
– hydrogen bonds
– order parameters
– solvent exposure
– 3D structure
– binding constant
– pH titration parameters
– hydrogen exchange rates
– termodynamics and kinetics of structural 

rearangements
– disordered regions

24



ELECTRON MICROSCOPY
https://www.ebi.ac.uk/emdb/

https://www.ebi.ac.uk/emdb/


CryoEM revolution

• Huge increase of resolution and 
amount of CryoEM data

• Similar quality measures to X-Ray

https://www.rcsb.org/stats/all-released-structures

https://www.rcsb.org/stats/all-released-structures


EMDB



MASS SPECTROMETRY

https://massbank.eu/ - small molecules

https://www.ebi.ac.uk/pride/ - proteins https://www.thermofisher.com/cz/en/home/life-
science/protein-biology/protein-biology-learning-
center/protein-biology-resource-library/pierce-protein-
methods/overview-mass-spectrometry.html

https://massbank.eu/
https://www.ebi.ac.uk/pride/
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/life-science/protein-biology/protein-biology-learning-center/protein-biology-resource-library/pierce-protein-methods/overview-mass-spectrometry.html


Mass spectrometry

• Proteomics 
– Determine protein structure, function, folding and interactions – Crosslinks (X-MS)

– Identify a protein from the mass of its peptide fragments.

– Detect specific post-translational modifications throughout complex biological 
mixtures using workflows for phosphoproteomics and protein glycosylation.

– Quantitate proteins (relative or absolute) in a given sample.

– Monitor enzyme reactions, chemical modifications and protein digestion.

• Drug Discovery
– Determine structures of drugs and metabolites.

– Screen for metabolites in biological systems.

https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/protein-structure-analysis-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/protein-structure-analysis-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/proteomics-mass-spectrometry-workflows/phosphoproteomics.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/proteomics-mass-spectrometry-workflows/protein-glycosylation.html
https://www.thermofisher.com/cz/en/home/industrial/mass-spectrometry/proteomics-mass-spectrometry/quantitative-proteomics-mass-spectrometry.html
https://www.thermofisher.com/cz/en/home/industrial/pharma-biopharma/pre-clinical-and-clinical-drug-testing.html
https://www.thermofisher.com/cz/en/home/industrial/pharma-biopharma/pre-clinical-and-clinical-drug-testing/metabolite-identification.html


Hu.map3

>25,000 mass spectrometry experiments

identify >15,000 human protein complexes

~75% of human proteins into physical contexts

protein co-variation data (ProteomeHD.2)

testable functional hypotheses for 472 
uncharacterized proteins using AlphaFold modeling.

ebi.ac.uk/complexportal

humap3.proteincomplexes.org

30

Fischer SN, et al. hu.MAP3.0: Atlas of human protein complexes by integration of > 25,000 proteomic experiments BioRxiv 

https://doi.org/10.1101/2024.10.11.617930

https://www.ebi.ac.uk/complexportal/home
https://humap3.proteincomplexes.org/
https://www.biorxiv.org/content/10.1101/2024.10.11.617930v1


MODELLING
ALPHAFOLD

https://alphafoldserver.com/ 

https://alphafoldserver.com/


How good are AlphaFold models for drug design?
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• AlphaFold2 predicts holo protein in 
70% => it can be used for drug 
designing

• pLDDT values in a single 3D model 
could be used to infer local 
conformational changes linked to 
ligand binding transitions.

• locally AlphaFold2 can be there -
but it needs validation
(as always)

• Good to combine with MD to 
optimize side-chain conformations

T1064

AlphaFold models good enough for drug design?



Retrospective docking screens 
against the σ2 and the 5-HT2A 
receptors, the AF2 structures 
struggled
Prospective docking against the 
AF2 models => similar hit rates
for both receptors versus 
docking against experimentally-
derived structures

34bioRxiv preprint doi: https://doi.org/10.1101/2023.12.20.572662

AlphaFold2 structures template ligand discovery



AlphaFoldDB

https://www.alphafold.ebi.ac.uk/ 35

"This will be one of the most important datasets since the mapping of the Human Genome."
Professor Ewan Birney
EMBL Deputy Director General and EMBL-EBI Director

https://www.alphafold.ebi.ac.uk/
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AlphaFold DB currently provides predicted structures for the 48 organisms (including human),

as well as the majority of Swiss-Prot. >200 M structures

Complete structures of 48 model organism proteomes

https://www.expasy.org/resources/uniprotkb-swiss-prot


Alphafold can be Alphafill-ed with ligands + cofactors

37

https://alphafill.eu/

Hekkelman, M.L., de Vries, I., Joosten, R.P. et al. AlphaFill: enriching AlphaFold models with ligands and cofactors. Nat Methods 20, 
205–213 (2023). https://doi.org/10.1038/s41592-022-01685-y

https://alphafill.eu/
https://doi.org/10.1038/s41592-022-01685-y


Alphafold tells you where is it right!

38

pLDDT – local confidence
PAE – global confidence 
pTM – predicted template model
ipTM – interface predicted TM



39

pLDDT - per-residue estimate of its confidence on a scale from 0 - 100
model’s predicted score on the lDDT-Cα metric (local superposition-free score for comparing protein structures and 
models using distance difference tests).

pLDDT 
● quality metrics
● measure of disorder

Tunyasuvunakool, K., Adler, J., Wu, Z. et al. Highly accurate protein structure prediction for the human proteome. 
Nature 596, 590–596 (2021). https://doi.org/10.1038/s41586-021-03828-1

9,605

13,786

How good are the predictions of human proteins?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799472/


DISORDER
Unstructured part of proteins



Time Scale of Protein Movement



Disorder

• Invisible – no structure 

• - temperature B-factor v Xray, NMR ensemble, DISOPRED predictions

• Quite conserved arrangement within a protein family

• Intristically Disordered Proteins - IDP

– Function

• molecular recognition (promiskuitní) 

• molecular assembly (viral capsids)

• protein modification

• entropic chain activities



Disprot - Database of 

disorder in proteins
• Amino acid composition of DisProt

disordered regions. 

• sorted by the Kyte-Doolittle 

hydrophobicity scale. 

• enrichment is calculated and 

normalized over the TrEMBL database 

frequencies (2021_03). 

• Nucleic Acids Res, Volume 50, Issue D1, 7 January 2022, Pages D480–D487, https://doi.org/10.1093/nar/gkab1082
• Nucleic Acids Res, Volume 45, Issue D1, January 2017, Pages D219–D227, https://doi.org/10.1093/nar/gkw1056

https://doi.org/10.1093/nar/gkab1082
https://doi.org/10.1093/nar/gkw1056


PDBE-KB

Aggregated views of proteins and ligands
https://www.ebi.ac.uk/pdbe/pdbe-kb

https://www.ebi.ac.uk/pdbe/pdbe-kb


PDBe-KB

• Aggregated views of proteins

• API 

– https://www.ebi.ac.uk/pdbe/graph-api/pdbe_doc/

• Component library

– https://github.com/PDBe-KB?q=component

https://www.ebi.ac.uk/pdbe/graph-api/pdbe_doc/
https://github.com/PDBe-KB?q=component


Aggregated view

• ProtVista



PDBe-KB Ligands

https://www.ebi.ac.uk/pdbe-srv/pdbechem/chemicalCompound/show/HEM

https://www.ebi.ac.uk/pdbe-srv/pdbechem/chemicalCompound/show/HEM


PDBe-KB Ligands interaction statistics



Take home message
• Each method has its advantages and disadvantages
• X-ray

– crystal (contacts), inner electrons – electron map
– R <2.5Å is ok for drug design; worse resolution -> electron envelope 
– size is not restricted, phase problem, static

• NMR - size restriction, dynamical information possible – verification of models

• EM - electron envelopes (maps) > usually worse atomic resolution inside 
– good for protein complexes

• MS + FRET - distances only, need model 

• AlphaFold 
– Easy to run, caution on the quality, drug design itself complicated
– Visualize disorder

• PDBe-KB – aggregated view on protein and ligands 49



THANK YOU FOR YOUR ATTENTION

Questions?
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UNUSED SLIDES



STRUCTURE ANALYSIS



Secondary structure

Helices and β-strands = Secondary Structure Elements 
(SSEs)

54



OverProt Server – Interactive view

55

● 1D of the family linked to 2D and 3D of a domain

Midlik A, Hutařová Vařeková I, Hutař J, Chareshneu A, Berka K, Svobodová R: OverProt: secondary structure 
consensus for protein families, Bioinformatics, 38(14), July 2022, 3648–3650



Binding Site prediction: P2Rank - PrankWeb

Each point represents its local chemical neighborhood – 
- predicted ligandability score (0 = green to 1 = red)
- clustered to form predicted binding sites 

Nucleic Acids Res, Volume 50, Issue W1, 5 July 2022, Pages W593–W597, https://doi.org/10.1093/nar/gkac389

• https://prankweb.cz/
• https://github.com/cusbg/p2rank-framework

https://doi.org/10.1093/nar/gkac389
https://prankweb.cz/
https://github.com/cusbg/p2rank-framework


Porous Pathways in 
Proteins

• Channels/Tunnels

• Connect active site with exterior

• Pores
• Running through the structure

- Paloncýová M, Navrátilová V, Berka K, Laio A, Otyepka M: Role of Enzyme Flexibility in Ligand Access and Egress to Active Site – Bias-
Exchange Metadynamics Study of 1,3,7-Trimethyluric Acid in Cytochrome P450 3A4 J. Chem. Theory Comput., 12(4), 2101–2109, 2016.
- Pravda L, Berka K, Svobodová Vařeková R, Sehnal D, Banáš P, Laskowski RA, Koča J, Otyepka M: Anatomy of enzyme channels. BMC Bioinf., 
15(1), 379, 2014.

• Pathways have important function of gate-keeping 



• Detection and analysis of channels, tunnels and pores

Pravda L, et al Nucl. Acids Res, 2018, doi:10.1093/nar/gky309

OLEonline    
https://mole.upol.cz 

https://mole.upol.cz/


Application: 
Drugs with Cytochromes P450

• Drugs – mostly aromates

• Deeper in the membrane

• Higher lipids afinity

• Metabolites

• Easier membrane escape

Paloncýová M, Berka K, Otyepka M: J. Phys. Chem. B 2013, 117, 2403–10.

Berka K, Paloncyova M, Anzenbacher P, Otyepka* M: J. Phys. Chem. B, 2013, 117(39), 11556-11564.

Berka K, Hendrychová T, Anzenbacher P, Otyepka M: J. Phys. Chem. A 2011, 115, 11248–11255.

• Drugs
– Access tunnel 

• Metabolites
– Eggress tunnel



X-RAY



Why X-Ray?
Elmag radiation interacts with objects of similar size with their 
wavelength (λ)
- visible light: λ = 350-700 nm and this is limit of optical 
microscopy
- RTG: CuKα: λ = 1,54 Å.

Synchrotron: λ = 0,5 Å – 2,5 Å.

 atom-atom distances:  C-C = 1,54 Å,
       C=C = 1,23 Å
 1 Å (Ångström) = 0.1 nm  C-N = 1,45 Å
 1 Å = 10-10 m  N-(H)…..O = 2,8 Å

61



X-ray crystallography 

cloning

protein

expression

protein 

purification

crystallisation

RTG 

diffraction

structure 

elucidation

phase problem

map of

electron 

density

62



X-ray crystallography

1. protein crystals

2. diffraction experiment 3. map of electron density

4. model fit 63



Diffraction Principle

Bragg’s law

n.λ= 2d.sinθ
(W. H. Bragg & W. L. Bragg, 1912)

Diffracted radiation - sets of planes, 

parallel planes get boost in signal
64



Calculation of Electron Density Map

Goal: use amplitudes and phases of thousands of 
diffractions Fhkl to calculate electron density map 
ρ(x,y,z)

65



Phase Problem

• Amplitudes and phases Fhkl are 
encoded in diffracted ray 
beams

• Amplitude |Fh,k,l| is square 
root of intensity of diffracted 
beam.

• Φhkl is phase of diffracted 
wave. It cannot be directly 
measured – Phase problem.

66



Phase Problem

F1, Φ1      F2, Φ2

 

 

 F1, Φ2      F2, Φ1

67

Max PerutzJohn C. Kendrew



Electron maps
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